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Fig. 1. The scaling relations: (a) Laser absorption efficiency; (b) ion temperature; (c) yield over clean.
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Fig. 2. Simulation results of MultilD: (a) 1D yield; (b) ion temperature; (c¢) bang time; (d) convergence ratio.
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Fig. 3. Predicted experimental results: (a) Neutron yield; (b) ion temperature.
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Fig. 4. Schematic of the experimental setup.
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Fig. 5. Measurement results of validation experiments: (a) Fraction of scattered light; (b) neutron yield; (c) ion temperature;

(d) neutron bang time; (e) radius of neutron emission images; (f) symmetry of neutron emission images.
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Data-driven design and experiments of high yield
direct drive thin-shell target”

YU Bo"' SONG Zifeng? LI Zhiyuan?  LIU Pinyang? PENG Xiaoshi!)
TANG Qi LIU Zhongjie?? DENG Zhigang? CUI Bo! LIU Xiangming!
LIU Yonggang? LI Jiwei?) HUANG Tianxuan  WANG Lifeng?

WU Yuchi??  YANG Dong!?  YANG Jiamin? ZHAO Zongqing !

1) (Laser Fusion Research Center, China Academy of Engineering Physics, Mianyang 621900, China)
2) (Institute of Applied Physics and Computational Mathematics, Beijing 100088, China)

( Received 9 December 2025; revised manuscript received 5 March 2026 )

Abstract

High-yield, short-pulse, quasi-monoenergetic neutron and charged particle experimental platforms, developed
through laser direct drive implosion of thin-shell targets, are widely used in research areas such as nuclear
physics, nuclear astrophysics, and high energy density physics. To achieve high neutron yield in laser direct
drive implosion experiments, a data-driven high yield direct drive implosion design method is proposed. When
physical understanding and numerical simulations are imprecise, this approach utilizes existing experimental
data to establish empirical models and optimize parameters such as pulse shapes, capsule diameter, capsule
thickness, fill pressures, and laser spot diameter. It effectively resolves the inherent trade-offs among implosion
velocity, hot-spot symmetry, and shell-fuel mixing while balancing the relationship between one-dimensional
yield and three-dimensional effects. The design process is initiated by utilizing preliminary experimental data
and extensive numerical calculations to calibrate the MultilD code. This includes refining its physical models of
thermal conduction and shell-fuel mixing, as well as adjusting coefficients such as the flux limiter and diffusion
multiplier. Furthermore, scaling relations of laser absorption efficiency, yield over clean (YOC), and ion
temperature are derived. Subsequently, the calibrated MultilD code, integrated with these empirical scaling
relations, is employed to carry out quantitative simulations to determine the optimal shell thickness and fuel
pressure of the glass targets, and to predict experimental yield, ion temperature, and convergence ratio.
Validation experiments using 1200 pm diameter glass targets are conducted on the 100 kJ laser facility. The
results demonstrate that a neutron yield of 1.00x10' is achieved by applying the data-driven high yield direct
drive implosion design and optimizing laser power and wavelength. This is a substantial enhancement over
previous results on the 100 kJ laser facility. The fusion conversion efficiency, defined as the fusion output
divided by the laser energy incident on the capsule, is 4.5%o, slightly higher than that reported for NIF glass
targets. It is also found that increasing laser power significantly improves implosion velocity, ion temperature,
and neutron yield. Additionally, the use of wavelength separation among the different cone beams effectively
suppresses laser losses caused by crossed-beam energy transfer, resulting in significantly improved energy
coupling efficiency, hot-spot symmetry, and neutron yield. The four-color laser configuration performs
significantly better than the three-color laser. In contrast, various laser repointing strategies show no significant
impact on implosion performance, including neutron yield, ion temperature, and hot-spot symmetry.

Keywords: laser direct drive, neutron yield, data driven
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